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Abstract 
We introduce a novel microplasma device with coplanar electrodes (Coplanar Eletrode Microplasma Devices, CEMPD). The 
microcavities of the proposed device compose of two coplanar electrodes instead of dielectric or single cathode, which can 
enhance the density of microcavities. The devices are fabricated by only one wet lithography process, which can simplify the 
fabrication processes and develop the fabrication uniformity. Two kinds of prototype have been fabricated, line array of CEMPD 
and arrays of CEMPD. The experiments show that the power loading of each microcavity could reach several kW cm-3. In neon, 
the luminance of the line array of CEMPD with 12 microcavities driven by AC sinusoidal voltage reaches 2500cd m-2. The multi-
discharge phenomenon and a Pressure-Independent Point (PIP) in a group of current-voltage (I-V) curves for the line array of 
CEMPD have been investigated. The details of these phenomena should be investigated in detail. 
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1. Introduction 
Microplasmas have attracted more and more attention due to their unique characteristics, such as weakly-ionized, 
boundary-dominated phenomena and high ion density. The geometries, characteristics and applications of 
microplasma devices have been discussed in [1]. There is a rapid growth in applications of microplasmas, such as 
UV (Ultraviolet Rays) radiation sources, plasma reactors and nanofabrication [2] because of these high densities of 
ions and radiation. In 2008, the plasma transistor was developed by Chen and Eden [3], extending the scope of 
microplasmas’ application. 
In comparison with microplasma device fabrications, the simulation of microplasmas has lagged. In the past few 
years Kushner [4] and Boeuf [5] et al investigated the modelling of the conventional metal-dielectric-metal 
sandwich microplasma devices. In 2005, Eden et al developed multilayer Al/Al2O3 structure microplasma devices [6] 
and investigated these characteristics [7]. In 2006, Seo and Eden presented the two-dimensional simulation of ac-
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driven Al/Al2O3 devices [8]. In these devices, aluminum metal plays an important role and presents excellent 
discharge stability. 
In our prior work, a novel Coplanar Electrodes Microplasma Device (CEMPD) was proposed and two prototypes, 
line array and arrays of CEMPD, were fabricated based on aluminum [9-10]. The microcavities of the CEMPD are 
composed of two coplanar electrodes instead of dielectric or a single cathode which can enhance the density of 
microcavities. The devices are fabricated with only one wet lithography process, which can simplify the fabrication 
processes and improve the fabrication uniformity. 
The experiments show that the power loading of each microcavity could reach several kW cm-3. In neon, the 
luminance of the line array of CEMPD with 12 microcavities driven by AC sinusoidal voltage reaches 2500cd m-2. 
The multi-discharge phenomenon and a Pressure-Independent Point (PIP) in a group of current-voltage (I-V) curves 
for the line array of CEMPD have been investigated. The details of these phenomena should be investigated in detail. 
2. Line Array of CEMPD 
2.1. Device design and fabrication 
The cross-section, top view and three-dimensional schematic diagrams of the microcavity are shown in Fig. 1. 
The microcavity is composed of two semicircular electrodes encapsulated with alumina on the same plane and 
between the two electrodes there is a small gap less than 10ȝm. The discharge of the devices is a kind of dielectric 
barrier discharge and the alumina is used as the dielectric layer. Two pieces of glass covered the microcavity to 
confine the working gas to the microcavity approximately 10-5 cm3. 
A 12 line array of microcavity was fabricated on the aluminum substrate (15mm in width, 40mm in length, and 
0.3mm in thickness). After polishing, the aluminum substrate was split into two same parts by the wire electrical 
discharge machining (EDM) cutting process. After cutting, the aluminum chips were polished in alkaline solution 
and then anodized in a 0.4M/L oxalic acid solution, maintained 60 minutes at the temperature of 20ć. On the 
surface of microcavities, alumina was yielded from aluminum about 10ȝm thickness. Finally, the two parts were 
cleaned out by pure water and were dried by float drier, maintained 120 minutes at 100ć. Two pieces of glass 
covered on the ends of microcavities. When fixed, the finished devices were evacuated to < 10-4 Torr and back-filled 
with research grade neon gas. In all experiments, the devices were driven by the circuit in parallel with single ballast. 
The images of the device and the lighting pattern operated under the neon pressure are shown in Fig.2. Because of a 
high current density, the discharge produces light emission in brilliant yellow color. 
 
Fig.1 Geometry of a microcavity in line array of CEMPD (a) cross-section; (b) top view; (c) three-dimensional view 
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Fig.2 Image of device and lighting pattern operated under 50kPa neon pressure 
2.2. Discharge characteristics 
The RMS current and luminance as functions of pressure for the microplasma devices were measured when the 
RMS voltage is 250V and the results are shown in Fig.3. The RMS current grows up with the increase of the 
operation pressure. However, the luminance goes up firstly and then goes down slowly with the increase of the 
operation pressure. Since the RMS voltage is beyond 230V, the high RMS current corresponds to the high pressure. 
And the luminance increases with the RMS voltage when the gas pressure is fixed. Since the ignition voltage 
increases with the gas pressure, the high pressure corresponds to the high ignition voltage. When the gas pressure is 
beyond 300Torr, the fixed RMS voltage of 250V is not enough high to excite the high luminance, this causes that 
the luminance decreases with the gas pressure in the higher pressure region. The power loading of each microcavity 
reaches approximately several kW cm-3. When the RMS voltage is 310V, the luminance reaches 2500cd/m2. 
The discharge current waveforms of the microplasma device excited by a sinusoidal AC voltage at frequency of 
25 kHz for different voltages under 40kPa neon pressure are shown in Fig.4. In one cycle of the sinusoidal AC 
voltage, the number of discharge current peaks climbs from two to eight when the RMS voltage increases from 
160V to 320V. There are several discharge times in half a cycle, which is known as the multi-discharge 
phenomenon in CEMPD. The experimental results show that the multi-discharge will happen within a range of the 
neon pressure from 35kPa to 100kPa. 
 
Fig.3 RMS current and luminance as functions of pressure for CEMPD excited by AC sinusoidal voltage 
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Fig.4 Discharge current waveforms of CEMPD excited by sinusoidal AC voltage for different voltages (a)320V; (b)250V; (c)190V; (d)160V 
To investigate the multi-discharge phenomenon in detail, computational simulations of the fundamental discharge 
processes in CEMPD were developed. The results show that after the first discharge, the center of the electron 
density is concentrated on the top side around the gap. The electronic space charge center can be seen as a virtual 
anode. The potential difference between the virtual anode and the other side is high enough to cause the second 
discharge. During the second discharge, the center of the electron density transfers from the top side to the bottom 
side and the second discharge occurs. However, at 26.3kPa and 211kPa, the discharge only occurs on the top (or 
bottom) side and then extinguishes gradually and there is not a transfer process. 
2.3. Pressure-independent point 
During our investigations of the current-voltage (I-V) characteristics of CEMPD, we observed a pressure-
independent point (PIP) in the I-V curves, at neon pressures in the range from 15 kPa to 95 kPa. When the voltage is 
fixed at the PIP value, the discharge current is very stable against changes in the neon pressure. A similar 
phenomenon was mentioned in reference [11] and [12]. In this letter, the details of the PIP for different device sizes 
are investigated. 
I-V characteristics of the four samples under different neon pressures were measured as shown in Fig. 5. Here the 
RMS voltage means the Root Mean Square (RMS) voltage of an AC sinusoidal voltage. The RMS current includes 
both the discharge current and the displacement current. From the I-V characteristics under different neon pressures 
ranging from 15 kPa to 95 kPa for the four samples, the PIP can be found. At the PIP, the discharge current is quite 
stable with variations of the neon pressure. Before or after the PIP, the discharge current varies with the neon 
pressure. Four samples of CEMPD with 12 microcavities were fabricated on the aluminum substrate and the size of 
the microcavity in one sample is different from another sample. The microcavity sizes of the four samples are listed 
in Table 1. 
The PIP exists in a group of I-V curves under different neon pressures (from 15kPa to 95kPa) for each CEMPD 
device. The positions of the PIP are different for the four CEMPD devices with different sizes of the microcavity. 
Before the PIP, the discharge current decrease with the increase of operation neon pressure. After the PIP, the trend 
is reversed. VPIP depends on the area of the microcavity and is independent of the height of the microcavity. IPIP is 
proportional to the volume of the microcavity and can be expressed by the formula IPIP = IPIP0 + D × Vol, here Vol is 
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volume. For the four samples, IPIP0 is about zero, D is about 3.95 mA mm-3. The error of D is 0.411 mA mm-3, which 
is less than 11% of D. When CEMPD operates at VPIP, the discharge current would be quite stable under different 
operation neon pressures. 
 
 
Fig.5 PIP in I-V characteristics of CEMPD under different neon pressures for four samples with different microcavity size (these four 
characteristics correspond with sample A, B, C, and D respectively) 
Table 1 Microcavity sizes of the four samples 
Sample W(mm) L(mm) G(mm) H(mm) S(mm2) Vol(mm3) 
A 0.32 0.43 0.05 2 0.108 0.216 
B 0.2 0.33 0.04 2 0.052 0.104 
C 0.32 0.43 0.04 0.3 0.108 0.032 
D 0.2 0.31 0.04 0.3 0.049 0.015 
3. Arrays of CEMPD 
3.1. Device design and fabrication 
The cross-section, top view and three-dimensional schematic diagram of one microcavity in arrays of CEMPD 
are shown in Fig. 6. In the structure, strips of metal act as the ribs of microcavities besides the electrodes. The 
density of the microcavities could be promoted largely in this structure by reducing the size of electrodes and 
microcavities. The adjacent rows of microcavities use the same strip of electrode, which can develop the density of 
the microcavities farther. When the size of microcavity is reduced to 150μm, the density of the microcavities could 
exceed 103 cm-2.  
The schematic diagram of electrical connection of the CEMPD is shown in Fig. 7. There are two pads located at 
two sides of the arrays of microcavities. On one hand, the pads connect with the groups of electrode strips 
respectively. On the other hand, the outputs of the alternating current (AC) driver connect with the pads by wires 
respectively. The two groups of electrode strips are separated by the microcavities and gaps.  
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Fig.6. Geometry of a microcavity in Arrays of CEMPD (a) cross-section; (b) top view; (c) three-dimensional view 
 
Fig.7 Schematic diagram of electrical connection of CEMPD 
3.2. Discharge characteristics 
With the increase of operation pressure, the light areas of the devices change gradually. There are different light 
patterns under different operation pressures and different RMS voltages. Photographs of these patterns are shown in 
Fig. 8 respectively. 
Under lower operation pressures, the discharge happens mainly in the microcavities and fulfills the whole 
microcavities. There are seldom discharges in the gaps. If the gap is small or the excited voltage is low, the 
discharge happens only in microcavities. However, under high operation pressures, the discharge happens in the 
gaps firstly and the discharge in the gaps is stronger than that in the microcavities too. This phenomenon can be 
analyzed by the ‘pd scaling’. The ignition of the array involves the two parameters including operation pressure, p, 
and distance between electrodes, d. In the gap, d is smaller than that of the microcavity. Thus, under low operation 
pressures, the ignition will happen in the microcavity at first because the electrode distance in the microcavity is 
larger. 
In the microcavities, the light areas are split into two parts along the centerline. In the center of microcavities the 
light is darker than that around the border. Under the same operation pressure, the discharge in the gaps will enhance 
with the increase of driven voltage obviously. 
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Fig.8 Discharge photographs of arrays of CEMPD under different neon pressures and different RMS voltages. 
4. Conclusion 
We introduce a novel microplasma device with coplanar electrodes (Coplanar Eletrode Microplasma Devices, 
CEMPD). The microcavities of the proposed device compose of two coplanar electrodes instead of dielectric or 
single cathode, which can enhance the density of microcavities. Two kinds of prototype have been fabricated, line 
array of CEMPD and arrays of CEMPD. 
The voltage-current characteristics of the line array of CEMPD under different argon pressures driven by 
sinusoidal voltage show that the power loading of each microcavity could reach several kW cm-3. Driven by 
alternating pulse voltage, the device performed a trend that the discharge current grow up firstly and then go down 
gradually with the increase of operation pressure. Moreover, with the increase of driven frequency, the device 
operated with high discharge stability on both time and intensity. In neon, the luminance of the line array of 
CEMPD with 12 microcavities driven by AC sinusoidal voltage reaches 2500cd m-2. The address experiments of the 
devices validate the addressing ability of the CEMPD.  
The multi-discharge phenomenon of the line array of CEMPD has been investigated and simulated based on 
particle-in-cell/Monte Carlo modal. The experimental results show that with the range of the neon pressure from 
35kPa to 100kPa the multi-discharge happens. The simulation results under neon pressure 65.8kPa and 100kPa 
confirmed the multi-discharge phenomenon and showed the details of multi-discharge processes. 
A Pressure-Independent Point (PIP) in a group of current-voltage (I-V) curves for the line array of CEMPD at 
neon pressures ranging from 15 kPa to 95 kPa has been proposed. We studied four samples of CEMPDs with 
different sizes of the microcavity and observed the PIP phenomenon for each sample. The PIP voltage depends on 
the area of the microcavity and is independent of the height of the microcavity. The PIP discharge current, IPIP, is 
proportional to the volume (Vol) of the microcavity and can be expressed by the formula IPIP = IPIP0 + D h Vol. 
When the CEMPD operates at VPIP, the discharge current is quite stable under different neon pressures. 
Arrays of coplanar electrodes microplasma devices have been fabricated and operated under neon pressures. The 
devices are fabricated by only one wet lithography process, which can simplify the fabrication processes and 
develop the fabrication uniformity. The experimental results show that the current-voltage characteristics under 
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different neon pressures exhibit positive differential resistance about 78kȍ. With the increase of driven voltage and 
operation pressure, the discharge in the gaps will enhance and the degree of the enhancement in the gaps will exceed 
that in the microcavities, especially when the driven voltage is above 350V and the driven frequency is above 20kHz. 
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